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A neeii  exists  in  the  Ar«y,  s^xl  i;  the  construction  industry  ss 
well,  for  sn  efficient,  highly  Mobile,  rspld  aesns  for  drilling  Isrge 
dlaaetcr  holes  in  hard  rock.  The  Aray's  drilling  requiments  sre  acre 
restrictive  then  Might  be  tolerated  in  the  construction  industry,  but 
the  ctisractcriecics  of  cquipMent  that  will  satisfy  Aray  requireaents 
should,  nonetheless,  provide  a brojd  drilling  capability  that  will  have 
universal  appeal  aa  a construction  tool.  Ihe  Aray's  requireaents  can  be 
suaaarized  as  follows: 

1.  Worldwide  deployawnt  is  necessary;  therefore,  the  equipaient 
Must  be  capable  of  operation  in  any  type  of  soil  or  rock, 
under  all  types  of  cliaatic  conditioas. 

2.  The  equipawnt  aust  be  of  aodest  size  and  weight  to  be  com'- 
pstible  with  critical  logistic  requireaents. 

3.  The  capability  for  drilling  holes  $sp  to  2D  to  24-iich 
diaaeter  in  hard  rock  is  necessary  for  special  purpose 
eaplaccah.nts . 

4.  The  equipnent  auat  have  a rapid  eaplacenent  capsbiiiry 
both  in  hole  drilling  autd  eaplaceaent  set-up  tlae. 

Large  quantities  of  energy  are  required  to  drill  holes  in  h;>rd 
rorii.  Conaerctal  equipawnt  is  available  in  integroted,  aubile  units 
thijt  is  csp.:ble  of  drilling  holes  up  to  shout  8 inches  in  dl»«eter  in 
this  :uadia,  but  ttie  energy  requireaents  sre  so  great  in  holes  larger 
thnu  this  that  sRiltl-unit  equipment  is  needed  that  is  hravy,  expensive, 
sod  troa  tK'  Anay's  viewpoint,  logistically  unacci^p table.  The  cheaical 
energy  In  expfcrlves  is  one  of  the  aost  rfzicient  sources  of  potential 
energy  6va/.lsbl^!,  and  if  an  effective  sMians  can  be  found  to  utilize  this 
energy  t.->  d.?Iodge  and  beeak  up  the  rock  in  the  bottoa  of  a borehole 
into  nartir/es  t.tmt  can  be  flushed  to  the  surface,  then  explosive 
driliiug  Ics-ocv  .*  5/jractical  end  attractive  drilling  process.  Con- 
cept.; for  zxploeWes  in  an  effective  Banner  in  a drilling 

process  wei  a concrtlyed,  and  research  has  been  conducted  that  provides 
positiv’e  indlcsLitKS  tnat  esplcslvc  drilling  can  be  sn  efficie:<t  process. 
This  work  pravlv’jd  ar  insight  into  the  nature  of  the  equipaent  that 
could  be  eaployed.  One  of  t.h«  Important  products  of  this  research  was 
the  developu>!;'nt  a unique  r (1 -plastic , aulti'jet,  shaped  charge  capsule. 
This  serves  aa  the  drli'^inv^  cool  in  this  explosive  drilling  concept. 

Based  upon  the  rcbulrs  of  thic  research,  this  program  was  planned 
and  conducted  to  advance  tl»7  oevelopaenc  of  an  explosive  capsule.  Also, 
equipaent  is  required  ciie^  will  feed  these  cspsules  Into  the  borehole  in 
a safe,  controlled  nant^s'.r.  ihis  need  has  been  satisfied  by  including  in 


ii 


the  progrni  the  development  of  an  automatic  feeder  that  ms  adapted  to 
a small  commercial  drilling  unit  to  create  a lightweight,  stfbile,  ex* 
plosive  drill  rig.  Safety  was  a prime  consideration  in  the  designs  for 
both  the  capsule  and  the  feeder,  and  systems  were  designed  asd  tested 
that  provide  the  oecsssary  safety  provisions.  Economy  in  manufacture 
for  the  explosive  capsules  is  a very  important  consideration.  This 
matter  received  considerable  attention,  and  producible  designs  were 
developed  for  the  capsule  parts.  Tooling  was  also  developed  to  fabri* 
cate  some  of  the  parts  to  check  the  effectiveness  of  proposed  production 
methods.  Explosive  loading  of  the  capsules  was  also  investigated,  and 
success  was  achieved  in  modifying  the  capsule  so  that  loading  can  be 
accomplished  by  s standard  production  process.  Tests  of  the  feeder  and 
capsule  were  conducted  to  check  performance.  A check  of  safety  pro- 
vlvions  was  an  important  pert  of  these  tests. 
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INTSODiJCTIOtS 


A program  uas  conducl.ed  co  develop  »eversl  fceaia  of  equipscnC 
that  are  needed  to  convert  an  explosive  drilling  concept  frees  Its  cur- 
rent research  status  to  a developaental  status.  Parc  of  '^his  develop- 
ment effort  was  a i located  to  an  autesMted  capsule  feeder  chat  was 
installed  on  a coastterclai  drill  rig  and  provides  the  oeans  for  feeding 
a supply  of  explosive  capsules  into  the  borehole  at  controlled,  rapid 
rates.  A parallel  effort  was  concerned  with  the  development  of  an  ex- 
plosive capsule  that  will  be  safe  to  handle  and  use.  and  can  be  fabri- 
cated at  a reasonable  cost  by  conventional  mss  production  Mthods.  The 
production  studies  included  the  developstent  of  a satisfactory  ssethod  for 
explosive  loading  the  capsules. 

This  deveiopnent  prograB  was  preceeded  by  two  research  prograaai 
that  exasiltsed  basic  concepts  for  explosive  drilling.  The  objective  of 
this  research  was  to  detera^ne  if  means  c<sild  be  found  co  effectively 
use  Che  large  i^uantlties  of  chemical  energy  Lt  ejtplotives  to  drill,  large 
diMBeCer  holes  chrexigh  difficult  rock.  Explosives  are  a highly  coo' 
centraevd  source  of  potential  energy,  ausi  if  this  energy  can  be  employed 
efficiently  to  dislodge  and  break  up  in -situ  mater is  Is  Into  aaaall  parti- 
cles or  sfoils  that  can  be  brought  to  the  surface,  their  use  to  achieve 
an  effcvtive,  lightweight  drilling  process  can  be  realized.  This  re- 
search %fork  produced  positive  indications  that  explosive  drilling  could 
be  neve  loped  into  an  efficient  process,  and  provided  ac  Insight  sa  to 

the  nature  of  the  e-quipaent  that  could  be  esKployed.  One  lapcrtant  pro-  I 

duct  of  the  research  was  a unique  all -plastic  multi -jet,  shaped  charge 
capsule.  A small  4-iach  dlasMter  capsule  coocaining  160  grams  of  ex- 
plosive was  evolved  that  Is  capable  of  drilling  a 14-inch  siMecer 
hole  in  quality  limesCooes  at  the  rate  of  0.70  to  l.OO  inch  per  ex- 
plosion. The  capsule  produces  seven  jets  of  explosive  energy  that 
radiate  in  a pattern  that  concentrates  a major  portion  of  the  energy 
on  the  bottom  face  of  the  borehole.  A similar  capsule,  5-inches  in 
disaecer,  containing  265  grams  of  explosive,  drilled  a 20-lncl  diam- 
eter hole  in  good  lisKstcne.  The  significance  of  the  shaped  charge  idea 
is  that  it  directs  a considerable  portion  of  the  explosive  energy  and 
concentrates  it  oo  the  face  of  the  rock.  The  above  performances  were 
c^tained  in  an  air  filled  hole.  Details  of  this  research  effort  is  re- 
ported in  references  (1),  (2),  and  (3). 

The  Army  and  the  construction  industry  In  general  has  the  need 
for  an  efficient,  rapid  Mans  of  drilling  large  diaMtcr  holes  in  hard  J 

[ rock.  Single  mobile  drilling  units  weighing  up  to  100,000  pounds  are 

available  that  can  drill  holes  up  to  8 inches  in  diameter  through  solid 

rock,  but  the  conventional  equipment  required  to  drill  holes  in  t.te  8-  j 

i to  24-inch  diameter  range  beccese  very  large  multiple  unit  arrangeaents.  I 
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The  e<juits»cnt  «nvi si.med  for  au  expinsive  drilling  ric  with  a 24-iach 
disweCei  drilling  capability  cemtrasts  sharply  with  conventional  eqoip- 
G>est  requicejaeats . The  equipcifcoc  is  envisioned  being  transported  on 
two  2|f'tcn  tiiicks.  One  truck  would  be  esaployed  as  the  carrier  and  =«unc 
for  the  drill  rig,  tlse  coespresaor,  and  soese  of  the  auxiilsry  equipcsent. 

A secotid  2V'too  truck  would  be  used  a’l  a carrier  ^or  suppii<^s  and  equip- 
atent  Such  as  the  explosive  capsules,  drill  rod,  and  casing.  F-quipsent  of 
these  proportiona  is  ecotsooiical , readily  available,  highly  mobile,  and 
air  crsrixportablft . 

Tne  Ansy's  drilling  requiresaents  are  snore  restricciv»  than  night 
be  tolerated  by  the  tonstruci ion  industry.  They  can  be  briefly  suaaarizcd 
as  fe’low-»: 

1.  Worldwide  deployoent  is  necessary;  therefore,  the  eqjifxt-enc 
SHi.'rC  be  capable  of  operating  in  any  type  of  si>tl  or  rock, 
under  all  types  of  climatic  conditions. 

2.  The  equipasent  aaist  be  of  ssodesc  size  and  weight  to  be 
ccespatible  with  critical  logistic  requirements. 

3.  The  capability  for  drilling  holes  up  to  20-  to  24-inch 
diameter  In  hard  rock  is  necessary  for  special  purpo.»c 
cap  1 3ce:aents 

4.  The  equipment  aust  have  a rapid  esplacesent  capability 
both  <s)  hole  drilling  and  ersplaceacnt  set-up  ti^e. 

Ibe  drilling  tool  in  this  explosive  drilling  concept  is  the  ex- 
plosive cspsuic.  To  achieve  a safe,  rapid  drilling  capability,  a means 
aust  be  provided  for  introducing  the  capsules  into  the  borehole  at  a 
tontrolledv  rapid  rate.  This  operarion  must  respond  aurocza  t tea  I ly  to 
the  control  exeicised  by  a driller  stationed  at  a remote  safe  distance 
from  the  operation.  To  satisfy  this  requirement,  an  autociated  feeder 
was  conceived ^ designed,  fabricated,  and  installed  on  a selected  ct»- 
cacrcial  drilling  apparatus.  This  provides  the  basic  item  of  equipment 
in  Che  explosive  drillirig  system.  One  of  the  principal  tasks  on  this 
program  was  the  development  of  this  capsule  feeder  equipment. 

The  basic  design  for  the  miilti-jct,  shaped  charge  explosive 
capsule  was  conceived  and  proven  on  t!io  prior  research  programs.  Several 
refineaients  were  required  to  convert  this  concept  to  a cc.^culc  chat  could 
be  loaded,  handled,  and  used  in  the  fvc-der  in  a safe,  convenient  manner. 
This  program  provided  the  design  and  development  work  required  to  achieve 
,m  operational  capsule.  This  work  included  production  engineering  con- 
siderations, for  the  ability  to  manufacture  the  capsules  at  a reason  ble 
cost  is  very  important.  Explosive  loading  of  the  capsule  by  a eduction 
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process  is  also  necessary.  Techniques  were  developed  for  loading  the 
capsule  by  an  established  production  loading  process.  Details  of  this 
development  activity  are  presented  in  the  following  portions  of  this 
report. 
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INVESTIGATIONS 


A.  Review  of  Concepts. 

For  the  envisioned  explosive  drilling  system,  the  basic  item 
of  equipment  in  the  system  will  be  the  drill  rig.  This  rig  will  consist 
of  light  1.  ‘ty  commercial  drilling  equipment  modified  to  accommodate  the 
equipment  required  to  convert  it  to  an  explosive  drilling  capability. 
During  the  research  programs,  the  concept  shown  in  Figure  1 was  projected 
as  a probable  design  for  this  equipment.  The  photograph  shown  in  Figure  2 
is  a view  of  the  drilling  equipment  that  evolved  from  this  program.  The 
feeder  is  installed,  but  it  is  less  the  compressor  and  other  auxiliary 
equipment  that  will  eventually  be  added. 

Tlie  equipment  as  it  is  currently  composed  consists  of  an 
JnLernatiuiia  I 2^-ton  truck  chassis  with  a Model  3-53  drill,  furnished  by 
the  Mobile  Drill  Company,  installed,  llie  drill  is  driver,  through  u power 
take -off  arrangement  by  the  truck  motor.  This  equipment  was  recrxamended 
by  this  contractor,  but  acquisition  was  accomplished  by  the  Government 
and  then  furnished  as  a GFE  item  for  installation  of  the  capsule  feeder. 

llie  mode  of  operation  is  the  iol lowing:  The  commercial 

drilling  equipment  will  be  used  in  a conventional  manner  to  start  the 
hole  if  the  site  is  covered  with  material  that  can  be  drilled  with  an 
nuger.  Several  lengths  of  commercial  hollow-stem  auger  will  be  carried 
to  accor..|>i  i sli  tius  operation.  As  long  as  material  can  be  removed  from 
the  borehole  by  the  auger,  this  mode  of  operation  will  be  continued,  for 
this  is  the  mo.u  efficient  of  all  drilling  techniques  when  conditions 
are  favorable  ror  tliis  type  of  operation. 

Wlien  rock  is  reached,  the  operation  will  be  converted  to  ex- 
plosive drilling.  Without  the  benefit  of  experimental  experience  it  is 
not  clear  wiiat  tlie  best  procedure  will  be,  but  the  most  optimistic  pro- 
jection is  that  explosive  drilling  can  commence  by  merely  sLcrting  the 
compressors  and  continue  drilling  by  feeding  explosive  capsules  at  the 
desired  rate  with  the  capsule  feeder.  It  is  not  known  at  this  tune 
wtiether  the  compressed  air  can  force  the  spoils  up  along  the  flights  of 
the  auger.  If  this  proves  unworkable,  the  auger  must  be  pulled  and  re- 
placed with  a drill  stem  designed  .solely  for  explosive  drilling.  T'-e 
B-53  drilling  equipment  is  *.ap;bl.  .-r  i.nu'vi.ig  and  adding  dril’  stem 
or  auger  in  20- foot  lengths. 
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B . Capsule  Feeder  Provisions 

The  capsule  feeder  assembly  is  attached  to  the  B-53  drill  rig 
as  shown  in  Figure  3.  The  feeder  consists  of  a tray  that  supports  24 
cylindrical  cups  that  are  linked  together  to  fox*  an  asseobly  that  re- 
senbles  an  endless  chain  (see  Figure  4).  This  chain  is  attached  to  two 
sprockets,  one  at  the  outboard  or  right  end  looking  forward  and  the  other 
at  the  inboard  or  left  end.  The  left-end  sprocket  is  driven,  the  right- 
end  sprocket  serves  as  an  idler.  Capsules  are  installed  in  the  cups, 
one  capsule  to  a cup.  The  driven  sprocket  is  controlled  by  a pneuaat- 
ically  powered  indexing  aechanis*.  Every  time  the  drive  indexes,  it 
moves  the  chain  assead>ly  1/24  of  a full  revolution  around  the  tray. 

The  tray  can  be  located  in  three  positions.  The  middle  posi- 
tion is  the  operating  position  (see  Figure  5).  In  this  position  an 
opening  in  the  tray  lines  up  with  the  drill  stem,  and  when  a capsule  is 
moved  over  this  opening  by  a stroke  of  the  indexing  mechanism,  compressed 
air  will  force  the  capsule  down  through  the  cup  into  the  drill  stem  and 
through  the  stem  until  it  exits  at  the  bottom  of  the  borehole.  The 
right-assst  position,  looking  forward,  will  locate  the  tray  so  that  the 
linfs  from  the  cat  head  can  be  used  to  haul  or  install  sections  of  drill 
stum  or  auger.  The  left*most  tray  position  is  its  travelling  location. 

It  will  rest  entirely  within  the  width  o.  the  truck  in  this  position. 

The  tray  is  equipped  with  sides  and  an  assortment  of  guides 
to  control  rasi  travel  of  the  cups  as  they  orbit  around  the  tray.  The 
capsules  are  installec*  t-y  opening  two  flaps  which  are  retained  by  pairs 
of  qvicSs -acting  cam  Iccka,  dropping  a capsule  in  each  cup.  Tne  cup 
over  the  cfl't  stem  cannot  be  fiiic^:  thtrsfore-  23  capsules  constitute 
a complete  load.  The  flsps  are  closed  and  iockad  after  insertion  of  the 
capsules.  This  preveci,?  ti.sa  ires  being  thrown  from  their  cup?  bv  shock 
and  vibrstion  during  the  drilling  opsrations. 

A tube  assembly  extends  from  the  bottom  opening  in  the  tray 
down  through  the  rotsry  drive  of  the  commercisl  drill  equipment.  A 
rotary  saal  is  provided  in  the  tube  assembly  to  prevent  leakage  of  com- 
pressed air  and  permit  operation  of  the  rotary  drive.  Also  an  inlet 
port  is  provided  for  connecting  the  air  supply  used  for  spoils  removal. 

The  feeder  operates  on  air  tapped  from  the  receiver  on  the 
air  brake  system  of  the  truck.  Later,  %Aicn  the  spoils  removal  compres- 
sors ar«  added,  operation  could  be  accomplished  from  t;.is  supply  also. 
The  system  has  bean  designed  to  function  an  air  pressure  at  40  psig.  The 
control  system  operates  on  12  volts  DC  supplied  by  the  truck  electrical 
system. 
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Figure!!  S.  VUtv  Of  ItBudcr  In  Operating  PoafAM'on 
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The  feeder  was  tested  for  all  Mdas  of  operation  sad 
functioned  in  a coapletely  satisfactory  Banner.  The  indexing  drive 
is  stroked  by  a push  button  froB  a rcaotc  position.  The  feeder  «as 
operated  as  fast  as  120  strokes  per  alnute  during  tests,  but  in  drilHng 
operations  a rate  of  30  strokes  per  Binute  is  expected  to  be  near  the 
bsxIbub  practical  rate. 
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C.  i'^xplobivc  Cuptiulu  loiimciil 

The  concept  of  u ninlLi-Jct,  jil-plastlc , shaped  cliarge  cap- 
sule emerged  from  the  rcsearcli  effort.  Extensive  testing  performed 
during  those  programs  indicated  tlist  tlie  multi-jet  shaped  charge  concept 
was  effective  in  focusing  a major  pert  of  the  explosive  energy  on  the 
face  of  the  ruck  and  that  satisfactory  drilling  efficiency  could  be  ex- 
pected. Teats  also  indicated  chat  holes  of  the  desired  diameter  could 
be  produced  with  capsules  of  convenient  size. 

because  Che  capsules  were  constantly  being  varied  in  size 
and  configuration,  most  of  Che  testing  on  Che  research  programs  was 
.static  testing  performed  with  only  Che  explosive  assembly  portion  of 
Clio  capsule.  'Hicse  capsules  were  manually  positioned  in  the  holes  and 
Iiidi vidunlly  exploded.  However,  one  complete  capsule  was  developed  in 
a :’.50-liicii  diameter,  size  Chat  was  equipped  with  a firing  Crain  and  an 
out-of-line  safety  arrangement.  Experience  with  this  capsule  indicated 
tiuit  the  procedures  envisioned  for  sutomatic  feeding  and  functioning  of 
Llic  explosive  capsules  were  sound.  No  efforts  had  been  made  to  design 
.1  Llring  train  and  safety  system  for  the  larger  size  capsules;  there- 
fore, one  of  Che  important  Casks  of  this  program  was  to  design  and 
develop  <1  firing  train  and  safety  system  that  was  compatible  with  Che 
fi'odor,  and  wonld  provide  a convenient  safe  method  of  handling# 

An  early  decision  was  necessary  on  the  diameter  of  Che  cap- 
.iulu,  ilie  leaearch  work  had  Indicated  cliat  a 4-inch  diameter  capsule 
loaded  with  160  groms  of  explosive  would  drill  a hole  of  about  14- 
Ineli  diameter  in  quality  limestone  ond  granite.  It  was  also  determined 
Lliat  a 3-ineti  diamc:cr  capsule  containing  265  grains  of  explosive 
would  ex|)an<l  tlie  diameter  of  the  hole  to  about  20-lnchea.  'flic  ux- 
perlmenCrt  olso  indicated  that  on  intermix  of  4-  ond  5 inch  diain- 
viier  capsules  was  effective  in  diilllng  a 20-inch  diameter  hole.  An 
idea  Willi  conceived,  however,  but  has  not  been  tried  experimentally,  for 
obtaining  u 20-  Co  24-liich  diameter  liulc  with  a 4-inch  capsule  alone, 
lliia  consists  of  arranging  Che  nozzle  or  exit  end  of  the  drill  stem  so 
the  copsulcs  will  impact  tlie  boltisn  of  the  borehole  4 to  5-lnches 
off  the  center  of  the  hole.  Tlie  drill  stem  will  be  rotated  slowly, 
and  as  drilling  proceeds,  a tioie  of  20  inch  diameter  or  more  should 
be  generated,  'llils  pro.spect  of  obtaining  a 20  inch  diameter  liole 
with  a 4 inch  diameter  capsule  plus  tlie  dimensional  properties  of 
commereially  available  drilling  equipnient  led  to  a decision  to  design 
the  feeder  and  capsule  svsieiit  around  tlic  4 inch  diameter  capsule.. 

Tlie  Mobile  brill  Company  equips  one  of  their  utandard  drill 
rigs  with  a rotarv  drive  that  lios  an  opening  in  the  center  tliaC  measures 
4,623  inches  in  diameter,  i'll  is  equipment  wss  selected  for  use,  and  the 
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center  hole  was  bushed  with  a sleeve  having  a 4.375-lnch  inside  dlaaeter. 
This  sleeve  fum: cions  as  part  of  a rotary  Joint  for  the  cospressed  air 
end  provides  e a=octh  passage  for  the  capsules  through  Che  rotary  drive. 
These  di^ndional  constraints  led  to  a decision  to  design  a capsule  with 
a 4.312~inch  outside  dlaaeter. 

Safety  of  the  capsule  during  loading,  handling,  storage,  and 
use  was  a satter  that  received  a great  deal  of  design  attention  and  in- 
fluenced several  features  of  the  capsule.  Details  of  the  capsule  are 
illustrated  in  Figure  8.  The  configuration  of  the  high  explosive  section, 
excest  for  a sxall  change  in  diaaster  was  Bade  nearly  identical  to  the 
4-incb  capsules  that  had  evolved  froB  the  previous  research  work.  A 
skirt  has  been  attached  to  the  high  ezolosive  section  to  provide  standoff, 
for  Che  shaped  charge  and  obtain  a good  length  to  diaseter  (L/D)  ratio 
for  stability  in  the  feeder  cups  and  during  passage  through  the  drill 
stem.  AsseEd>led  atop  the  high  explosive  section  is  the  firing  train 
assecd)ly  that  incorporates  the  safety  ptovlsions  and  provides  additional 
I L/D  properties. 

The  firing  train  and  safety  provisions  functiem  in  Che  fol- 
lowing Batmer.  A slider  assesfely  Is  loaded  with  s M-S5  stab  detonator 
and  booster.  The  H-3S  detonator  was  chosen  because  of  its  svs liability 
and  econoay.  It  is  widely  used  and,  therefore,  Banufactured  in  very 
large  quantities  at  a current  cost  of  about  eight  cents  per  unit.  The 
output  of  the  detonator  is  insufficient  to  detonate  the  explosive  charge 
directly;  therefore,  a sbiII  booster  is  eaployed  in  the  firing  train  to 
produce  the  necessary  energy.  This  will  be  a siapls  booster  consistli'g 
of  a chin  aliainuB  cup  filled  with  ?etn  or  Lead  Aside  explosive.  When 
the  slider  is  installed  in  the  capsule,  these  explosive  eles^nts  are 
positioned  out-of-llne  with  the  firing  pin  and  held  there  by  a cotter 
pin  chat  is  inserted  with  the  end  bent  to  prevent  its  backing  out  except 
under  an  appreciable  force.  This  constitutes  one  of  the  safety  features 
of  the  capsule.  The  firing  pin  is  installed  in  Che  capsule  as  shown  in 
Figure  6.  Its  a»veBent  is  restrained  by  a spring  chat  will  prevent 
lotion  unless  an  acceleration  of  2.00  g's  or  Bore  Is  applied  in  an  axial 
direction.  Its  sotl<m  is  also  pr_ vented  by  a lock  created  by  a bell  held 
in  engagesenC  with  a groove  in  Che  pin  by  a spring  clip.  When  this 
spring  clip  is  rcssoved,  the  lock  disappears.  This  is  the  secotxl  safety 
on  the  capsule.  At  assembly,  both  safety  arrangesents  are  installed  ar>d 
both  Bu.se  be  ressoved  for  the  capsule  to  becoms  arsed.  The  feeder  and 
capsule  have  been  arranged  so  chat  both  safety  devices  are  reaoved  auto- 
!M tic. illy  when  the  capsule  moves  into  position  over  the  drill  sees  and 
begins  its  isjtion  down  the  drill  sees.  The  first  action  in  the  araslng 
sequence  is  the  resoval  of  the  spring  clip  that  secures  the  lock  on  the 
firing  pin.  This  clip  is  withdrawn  as  the  capsule  Is  saoved  into  position 
over  the  drill  stem.  The  cotter  pin  that  has  prevented  ootlon  of  the 
slider  containing  the  firing  train  is  withdrawn  by  the  motion  of  the 
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capsule  as  it  begins  its  travel  down  the  drill  stem.  The  capsule  is 
still  not  armed,  however ,«^i.nce  the  slider  is  prevented  from  moving  be- 
cause it  is  riding  the  bore  or  inside  diameter  of  the  drill  stem.  Wlien 
the  capsule  exits  from  the  drill  stem,  this  restraint  terminates,  and 
a spring  will  move  the  slider  sufficiently  to  position  the  firing  train 
in  line  with  the  firing  pin.  The  capsule  i.s  now  armed,  and  when  it 
strikes  the  bottom  of  the  borehole,  the  firing  pin  will  accelerate  down- 
ward, strike  the  M-55  detonator,  and  .?xplode  the  capsule. 

A final  safety  feature  is  associated  with  the  cotter  pin. 

When  it  is  withdrawn  from  the  slider, it  is  retained  on  a wire  that  is 
secured  to  the  capsule.  If  a capsule  should  become  lodged  in  the  drill 
stem,  it  must  be  removed.  This  is  accomplished  by  lowering  a hook  that, 
with  a little  maneuvering,  will  hook  the  wire  anu  the  attached  cotter 
pin.  Tlie  capsule  is  then  pulled  to  the  top  of  the  drill  stem  where 
either  the  cotter  pin  is  installed  in  che  slider  or  the  firing  pin  is 
removed  before  withdrawing  the  capsule  from  the  feeder  cup.  A view  of 
an  assembled  capsule  is  shown  in  Figure  9. 

The  explosive  capsule  is  an  expendable  item  and,  therefore, 
must  be  manufactured  at  an  affordable  cost  if  explosive  drilling  is  to 
be  economically  attractive.  This  matter  received  considerable  atten- 
tion during  design,  and  some  tooling  work  was  performed  to  check  the 
efficiency  of  production  processes. 

The  tooling  studies  were  concerned  with  the  plastic  parts. 

A mold  was  made  for  the  upper  assembly  which  produced  good  parts  in  ABS 
(Acrylonitrile  Butadiene  Styrene)  material,  one  of  the  more  economical 
resins.  This  is  a fairly  complex  part  that  would  be  expensive  to  fab- 
ricate by  any  other  process. 

Iho  lower  part  or  explosive  housing  presents  special  fabri- 
cation problems  plus  there  are  constraints  on  the  choice  of  material. 
Views  of  this  explosive  assembly  ace  presented  in  Figures  IQand  11.  The 
following  constraints  are  important  faotcis  in  selecting  the  material: 
The  capsule  is  loaded  with  explosive  by  a casting  process  and  the  temp- 
erature of  the  explosive  is  about  100  C,  when  it  is  poured  into  the 
capsule.  The  melt  temperature  of  the  plastic  must  be  well  above  this 
teiuperature  otherwise  the  capsule  will  melt  or  distort.  In  the  thermo- 
plastic group  this  limits  tlie  choice  of  materials  considerably.  Also, 
it  has  been  assumed  it  v aid  be  beneficial  to  make  the  cone  liners  of 
a glass-filled  plastic  since  glass  is  a material  often  used  as  a shaped 
charge  liner.  Some  evidence  was  obtained  during  the  research  programs 
to  support  this  assumption  wlien  the  performance  of  shaped  charges 
equipped  with  liners  containing  457,  and  607,  were  compared.  The  benefits 
of  the  higher  glass  content,  however,  were  not  pronounced.  On  this  pro- 
gram, the  material  used  was  612  ny’on  containing  607,  glass  by  weight. 
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Figure  10.  Top  View  Of  Eiiplosive  Assembly 
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This  is  & ssti»»*actory  aatertal,  but  its  pri.ce  in  IsS’ge  aus'SCi'’ 

ties  is  $1.75  par  pcuaci  andj  thareforsii,  is  -.i5t  sn  eccjesosilcsl  watericl. 
Ht‘lding  of  the  Icneer  ;;ar£  of  this  housing  ich  c->ntetns  ccse  lio^rs 
is  « difticuit  The  ge<  of  the  part  is  such  that  It  can'’ 

not  be  s;cide(i  in  s a| a«ie  piecf-  After  cen*  iderabi*  study,  a prt;c*3S 
was  selected  ^ers  cMa  losite”'  oa  t wsg  c^jid  .-d  in  thirds.  Each  third  was 
idencical  and  w«s  et  ;»y  to  ^14,  bus  " is  t -.$n  Gsceessry  to  join  the®  to 
fora  the  lcs«er  -sssiss^', . 1!H2  lid  or  top  sseX  Hsg  1?  tf-  :r  attached  to 

cespiste  the  exp*'-^iv'e  se^ssEbiy  housing.  Joiulzz  ►>■.'  part'  Is  accc»- 
plished  by  a'  ^ying  heat  alcn§  the  sesas.  Tbis  selts  the  i isin  stoaen- 
Carlty,  it  cih^Is,  the  sesas  are  closed  ^ud  an  intcciral  asseobly 

results.  This  process  produced  good  parts,  but  the  tooiin{  was  eleeen- 
tary  and  considerable  labor  yes  required  in  the  iscesbiy  op-e^stlon. 

Good  tcolLsg  is  needed  Co  reduce  the  labor  and  assure  unifers.  quality. 

The  design  of  the  reasining  parts  of  the  capsule  appear  to 
be  satisfactory  for  quantity  production.  The  parts  can  be  fabricated 
by  plastic  Dolding,or  on  a screw  sachine,  or  by  sta»ping  dll  of  which 
are  standard,  high-producticn,  economical  labor  saving  prC’Cesses. 

Several  innovations  were  designed  into  the  plastic  parts  to 
reduce  assenbly  tiiae  to  a miniiaiaB.  One  cf  these  innovations  can  be  seen 
in  Figure  9.  The  two  projecting  prongs  are  inserted  Into  holes  in  the 
upper  assembly  saolding.  Heat  is  applied  mo®eatrrily  to  the  ends  of 
these  prongs  and  ^ peraument  assenbly  is  accostplished  in  a natter  of  & 
few  seconds.  Ocher  innovations  proved  equally  successful  and  addlciotuil 
use  of  innovative  techniques  should  be  developed. 

Explosive  loading  of  the  capsule  presented  a prc>blexa  that  rc" 
quired  the  as.sistance  of  a fira  experienced  in  this  type  of  activity. 

On  the  research  program,  explosive  loading  had  been  accomplished  by 
manual  packing  of  the  capsules  with  C-A  e'^plosive.  This  required  an 
appreciable  amount  of  labor;  therefore,  development  of  a more  economical 
process  wss  necessary.  The  sexvices  of  Trojan  Powder  in  Allentown, 
Pennsylvania  were  obtained  Co  conduct  experircnts  in  explosive  loading. 
Design  of  Che  capsule  was  modified  Co  Include  a filler  spout  in  the 
t over  of  the  explosive  housing  assenb  ,y.  This  spout  can  be  seen  in 
Vigurc  10.  Using  this  spout,  Trojan  Powder  experienced  no  problems  Ir. 
loading  the  capsules  with  pentolite.  Peu  olite  was  used  because  Trojan 
is  a manufacturer  of  this  material  «nd  pr»^ferred  working  with  it  rather 
chan  composition  "B".  Either  material  can  be  cast  and  will  be  a satis- 
factory explosive  macarial  for  the  capsule.  The  weight  of  the  capsules 
was  closely  monlcored  during  the  loading  experiments  to  detect  whether 
or  nofc  voids  would  develop.  Weight,'*  were  uniform  and  reached  the  ex- 
pected values  indicating  that  the  cavity  was  filling  well.  This  quality 
was  confinaed  on  two  of  Che  capsules  by  opening  them  and  examining  them 
for  voids.  No  voids  were  found. 


Discussions 

Oqu  of  the  technical  problesa  £ace4  durin|[  design  of  the  feeder 
v«»  '''•■•tssi;  tion  of  the  load  factors  to  use  to  desi^  the  s<:tucture. 

V' A priai  pa  consideration  was  the  shock  type  loads  sexseratcd  by  the 
ezpJ'^siov  / Ihe  explosions  occur  douo  the  hole  and  parallel  situationa 
cculd  w£  he  found  in  the  literature  to  serve  as  o guide  as  towhst  these 
loads  fii^t  b^.  or  hew  they  laight  be  estiMted.  Faced  with  this  situs- 
tioo,  a conservative  approach  was  taken  and  the  impulse  oc  a surface 
n«£.v  f-he  explosion  size  of  the  borehole  was  ccaaputed  and  applied  to 
the  drill  steSo  The  iseas  of  the  parts  attached  Co  Che  drill  sees  was 
estlKSted  the  acceleratlcn  that  the  i»pulje  would  produce  was  cow- 
putedj  The  cc«::puted  vslue  vss  45  g's  and  this  became  the  deCexTiining 
factor  In  designit^  the  structure  cf  the  feeder.  Faced  with  this  load 
factor,  it  was  necea^ery  C»  lijd.t  the  weight  of  the  feeder  as  lauch  as 
porslble.  This  led  to  ihe  selection  of  aluaimaa  for  the  naterial  in  the 
tray  and  the  cups.  The  hCi^ton  of  the  troy  was  cc^vered  with  nylatron 
sheet  to  siniatice  friction  an;!  curtali  wear.  Other  wear  surfaces  were 
protected  in  a lilie  isanner. 

Plans  had  always  included  the  use  of  an  indexing  drive  that  would 
be  pneuaatically  powered,  but  a decision  was  n^csssary  regarding  the 
operating  presrure.  It  is  envisioned  Chat  the  cca^itrissors  used  to  sen- 
ply  air  for  spoils  resaoval  will  prc4>sbly  be  axial  type  cowpesssors  used 
in  engine  starrers.  These  cocepressers  usually  supply  sir  at  ax^nind  40 
palg.  It  is  probable,  therefore,  that  this  will  becone  the  operating 
pressure  for  the  pneusatlc  sysCea  so  an  indexing  «echanisa  wes  selected 
that  would  be  conpsCible  with  this  supply.  This  resulted  in  Che  selec- 
tion of  a larger  siechanlaa  than  would  ordinarily  be  eaployed,  but  space 
was  found  for  Its  installation  and  the  syatea  functions  very  nicely  at 
an  air  pressure  of  40  psig.  On  this  prograa  the  feeder  was  operated  on 
air  csken  fron  the  receiver  that  supplies  coag>ressed  air  to  the  brakes 
on  the  truck.  The  capacity  of  this  supply  is  adequate  and  its  pressure 
is  100  psig.  The  pressure  was  reduced  for  the  tests.  This  is  an  alter- 
nate arrangeoent  that  works  quite  well  and  could  be  used  in  Che  final 
systes-  if  desired.  All  technical  probleaa  associated  with  the  feeder 
werft  resolved  and  the  sysceis  functioned  in  tests  in  a satisfactory  gun- 
ner. The  tests  Indicated  chat  the  sysCea  will  be  capable  of  feeding 
the  explosive  capsules  cc  any  desired  rate  and  will  fulfill  the  need  for 
equipesent  necessary  to  conduct  sManingful  experiaents  in  explosive 
drilling. 

The  safety  features  developed  for  (die  capsule  functioned  well 
during  tests.  The  out -of -line  safety  feature  for  the  firing  train  and 
the  bore  riding  arrsngenent  to  aainCain  an  unaraed  status  until  the 
capsule  exits  frost  the  drill  stem  has  always  been  part  of  the  envisioned 
safety  provisions.  A need  was  recognized  for  a second  independent  safety 
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provision  and  lockii^  th«  firing  pin  appears  to  h«v«  fulfillad  this  goal 
satisfactorily.  The  fact  that  both  safety  devices  can  resMln  intact  in 
all  aodea  of  handling,  and  personnel  are  at  a raaote  safe  distance  shen 
they  are  resaov«i,  is  considered  an  iBsportant  safety  feature. 

The  ability  to  fabricate  the  explosive  capsules  at  a reasonable 
cost  is  an  Important  consideration,  and  for  the  most  part,  the  designs 
developed  during  the  program  should  satisfy  this  goal.  All  of  the 
capsule  parts,  with  the  exceptlm  of  the  explosive  housing,  can  be 
fabricated  of  economical  suiterlals  by  standard  mass  production  techniques. 
These  are  the  essential  Ingredlcnes  for  econocical  manufactura.  The 
assembly  process  is  also  simple  and  capabl>%  of  being  acco^llshed  with 
reasonable  effort.  Exolcsive  loading  can  be  performed  by  an  established 
prtxiuction  process,  and  the  design  appears  to  be  adequate  fros  this 
standpoint. 

Studies  to  determine  whether  alternate  materials  and  production 
nethtxis  can  be  emplo3red  to  fabricate  the  explosive  housing  might  be 
justified.  As  previously  pointed  out.  design  of  this  part  is  subject 
to  a nunber  of  constraints  such  as  coaipatibillty  widt  the  lOO^C 
temperature  of  the  molten  explosive,  the  desire  for  a high  glass  content 
In  the  liners,  and  the  geometry  and  arrangement  of  the  liners.  This 
irausing,  including  the  cjvor,  weighs  140  grans,  and  at  $1.73  per  pound 
for  large  quantity  requirements,  the  material  cost  of  glass  filled 
nylon  is  34  cents.  The  prospects  for  loraClng  a satisfactory  altentate 
material  are  fairly  good.  For  exaaq>le,  yn  the  basis  of  published 
data,  it  appears  that  heat  resistant,  glass  filled  ASS  •Mcerial  might 
satisfy  the  temperature  rcauireasnt.  This  suterial  can  be  obtained  at 
at— half  cost  of  nylon,  asking  the  projected  rest  of  the  material 
23  to  30  cents  per  part.  Studies  should  also  be  made  to  determine 
whether  a nx>rc  ccunomicel  fabrication  process  than  the  one  currently- 
employed  can  be  developed.  It  muy  well  oe  thet  the  current  proce.cx,  in 
large  quantity  production,  %/ill  be  quite  econoalcal.  The  molding 
method  is  simple  and  as  ecvHiorical  as  can  be  obtained.  Three  parts  are 
required  por  assembly  since  it  is  woided  In  thirds,  but  molding  costs 
can  be  controlled  by  using  multi  cavity  aolds.  .Assembly  of  the  parts 
in  the  current  program  required  c<ntslderable  time,  but  this  operation, 
also,  %K)uld  became  inexpensive  with  the  development  of  proper  fixtures 
and  tools.  Because  of  the  geometry  of  the  lo%ier  part,  no  way  is 
envisioned  for  its  fabrication  as  a single  molding.  This  means  that 
an  assembly  opmration  cannot  be  avoided,  and  economy  of  fabrication 
will  depend  largely  upon  the  efficiency  at  %diich  assembly  can  be 
performed. 

All  the  parts  in  Che  capsule  can  be  fabricated  on  a screw 
machine,  or  by  stamping,  or  by  molding.  All  these  fabrication  methods 
are  recc^nlred,  low  labor,  hi'^n  quantity,  low  cost  processes.  A good 
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indicator,  tharafore,  of  large  quantity  coats  is  the  cost  of  the 
sMtcrtals.  The  following  is  an  ejtiaate  of  aateriel  costs  for  the 
capsule. 


nsM 

WEIGMT 
lb» . 

Explosive  Housing 

.308 

Explosive 

.374 

Upper  Holding 

.207 

Slider 

• C-21 

Springs  (2) 

.002 

Detonator  - M55 

- 

Huoster 

- 

Standoff  Skirt 

.079 

Firing  Pin 

.014 

Safety-Slider 

.0066 

Spring  - F.P.  Safety 

.0017 

Knob  - r.p.  Safety 

.0067 

Cap 

.0036 

1 .0236 


H4TEEUL  COST 
$/lb- 

UNIT  COST 
1 

0,85 

0.2621 

1.50 

0-5610 

0.50 

0.1035 

0.85 

0.0018 

- 

.0600 

- 

.0800 

- 

.1500 

0.50 

.0396 

0.30 

.0042 

2.00 

.0132 

2.00 

0.0034 

.50 

0.0033 

.50 

0.IJO18 

$1.2839 


The  $1.2S  figure  is  the  cost  for  material  with  no  allowance  for 
scrappage  or  operating  overheads  and  profit.  If  a 20%  allowance  it 
made  for  suterial  loss  during  fabrication  and  45%  is  added  for  over- 
head and  profit,  the  cost  of  mater i.-tls  becomes  $2.23  per  capsule. 
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COMCUJSIONS 


The  following  conclusions  are  drav#n  frca  the  experience  and 
findings  of  this  prcgran. 

o Tests  of  the  feeder  system  indicated  satisfactory  perfono^e 
in  all  sKxies  of  operation,  and  the  system  appears  to  be 
ready  and  sul ted  for  use  in  conducting  experiments  in 
explosive  drilling. 

o Feeder  tests  under  the  shock  load  conditions  that  will  be 
experienced  during  drilling  operations  were  not  conducted. 
These  teste  would  have  required  extensive  preparations 
and,  therefore,  were  not  included  in  the  scope  of  this 
progrms.  Performance  of  the  feeder  and  the  drill  rig  under 
these  conditions  will  be  determined  when  experiments  in- 
explosive  drilling  begin. 

u Experiments  indicate  that  the  capsules  can  be  loaded 

satisfactorily  with  pentolite  or  composition  “B"  explosive 
by  a casting  process.  This  is  a standard  production  loading 
Mthod,  therefore,  the  design  appears  to  be  satisfactory 
from  this  standpoint. 

o The  t%#o  independent  methods  of  inhibiting  arming  of  the 
capsule  performed  satisfactorily  in  tests.  The  safety 
provisions  developed  for  handling  and  use  of  the  capsule 
appear  to  be  adequate  for  use  in  the  envisioned  explosive 
drilling  process. 

o Projected  costs  fexr  capsule  materi'tls  and  review  of  the 
designs  from  a i^oduction  engineering  standpoint  indicate 
that  the  capsule  can  be  produced  at  a reasonable  cost  In 
large  quantity  production.  The  availability  of  an 
economical  capsu'c,  hc^icver.  Is  a vital  economic  consider- 
ation, and  continued  monitoring  of  designs,  suterlals  and 
f^ricatlon  techr.iques  to  further  reduce  capsule  costs  is 
justified. 
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REC0t»g>PAT10>iS 


The  results  of  this  progrssi  lead  to  the  following  rec n—  inrf ■ tloce 
regarding  future  Investigation  of  this  explosive  drillii^  process. 

It  was  dasKjnstraced  that  bcth  the  feeder  and  the  capsules 
perfuna  in  an  accept^le  and  expected  sLsnner,  and  are  suit^le  for 
use  in  planning  further  developaent  of  this  explosive  drilling  concept. 
It  is  recooBsended , there fcnre,  that  the  following  plans  be  coittidered. 

a.  Equipment  such  as  drill  stew,  augers,  casing,  and  ■iscella'* 
neous  connectors  and  adapters  should  be  designed,  fabricati^, 
and  procured  to  equip  the  drill  rig  for  conducting 
experisttnts  in  explosive  drill li^. 

b.  A quantity  of  explosive  capsules  sufficient  to  conduct  a 
scries  of  drilling  experiaients  should  be  fabricated. 

c.  Plans  should  be  sutde  to  obtain  the  coepresscxrs  needed  to 
supply  coepressed  air  for  spoils  rMioval.  These  isay  be 
rented  or  procured. 

d.  Experis«nts  in  explosive  drilling  should  be  planned  and 
conducted  to  resolve  technical  probleaa  and  exiaiine  the 
effectiveness  and  efficiency  of  this  explosive  drilling 
technique. 
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